High altitude pulmonary edema (HAPE) is a life-threatening condition occurring at heights above 2500 meter mostly within 2-4 days of entry in high altitude. Postmortem studies showed evidence of thrombi in cases of HAPE suggesting possible role of thrombosis in the pathogenesis of HAPE. Here, we are presenting the two cases of HAPE with pulmonary embolism, and the possibility of pulmonary embolism should be considered in cases of HAPE with persistent radiographic opacities despite oxygen or descent.
INTRODUCTION
High altitude pulmonary edema (HAPE) is a life-threatening condition occurring at heights above 2500 meter mostly within 2-4 days of entry in high altitude. The exact pathophysiology of HAPE is not completely understood. But nonuniform vasoconstriction of pulmonary vasculature leading excess blood flow to better ventilated areas thus leading to stress failure of pulmonary capillaries is believed to be one of the possible mechanisms of pulmonary edema. [1] [2] [3] Postmortem studies showed evidence of thrombi in cases of HAPE suggesting the possible role of thrombosis in the pathogenesis of HAPE. [4] The present case report describes cases of HAPE with pulmonary embolism.
CASE REPORT Case 1 summary
A 32-year-old male was evacuated to our hospital located at 3500 m from a location at similar height with history of fatigue, breathlessness, and dry cough since 24 h. He was reinducted to high altitude after absence of 30 days from high altitude. He also complained of headache, nausea, vomiting, and loss of appetite. The severity score of these symptoms as per the Lake Louise criteria was 11 that is suggestive of severe acute mountain sickness (AMS). The patient had one previous episode of HAPE, approximately 1 year back, for which he was evacuated to near sea level after the initial management. He was reinducted to high altitude after 2 months of staying at near-sea level and subsequent stay was uneventful after acclimatization. The examination revealed height: 172 cm, weight: 81.75 kg, pulse 100/min, blood pressure 140/90 mmHg, respiratory rate-24/ min, SpO2 60% on room air. Chest auscultation revealed bilateral creps in infrascapular and infraaxillary regions. Chest radiograph revealed alveolar opacities in bilateral middle and lower zones. Routine hematological investigations revealed hemoglobin level of 14.2 g%, total leukocyte count and 10,500 cells/mm 3 with neutrophil predominant. The metabolic and biochemical profile was normal. The patient was initially managed with oxygen inhalation to maintain oxygen saturation above 90% and was advised to take bed rest. Serial x-ray examination showed significant resolution of opacities but a single localized opacity www.heartindia.net
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Heart India, Vol 4 / Issue 1 / Jan-Mar 2016 in right lower zone persisted till fifth day of hospitalization. Contrast enhanced computerized tomography of chest revealed filling defect in segmental arterial branches supplying posterior and lateral basal segments of right lower lobe with no evidence of pulmonary infarction [ Figure 1 ]. The color Doppler of lower limb was normal. The patient was managed with lowmolecular-weight heparin and later shifted on long-term oral anticoagulants. After stabilization, he was shifted to a tertiary care center at near-sea level. Subsequent recovery of the patient was uneventful. The follow-up of the patient did not reveal any procoagulant condition.
Case 2 summary
A 49-year-old male was evacuated from a location at 4900 m and shifted to our hospital that was located at 3500 m. The patient presented with history of breathlessness, cough with pinkish sputum, along with headache, anorexia, fatigue, dizziness, and insomnia since one day. Symptoms severity score of 7 as per Lake Louise criteria was suggestive of moderate AMS. He was reinducted to high altitude after an absence of 30 days from high altitude and his symptoms started on the fifth day of acclimatization. Clinical examination at our hospital revealed a pulse rate of 108/min, respiratory rate of 36/min, blood pressure of 150/110 mmHg, temperature of 98.2°F, and oxygen saturation of 64% at room air. Chest auscultation revealed bilateral diffuse crepitus. Other systemic evaluation was unremarkable. Chest radiograph revealed diffuse bilateral alveolar opacities. The patient was managed with oxygen inhalation to maintain oxygen saturation above 90% and bed rest. He improved substantially with a pulse rate of 80/min, body temperature of 98°F, blood pressure of 130/82 mmHg, respiratory rate 20/min, and SpO2 92% with oxygen. Despite improvement, he was not able to maintain oxygen saturation at room air and chest radiograph showed persistent opacity in the right lower zone on the fourth day of hospitalization. Subsequently, he was planned for contrast-enhanced computerized tomography (CECT) of thorax that was suggestive of pulmonary embolism in right lower lobar branch. The color Doppler of lower limb was normal. He was started on low-molecular-weight heparin and was switched over to long-term oral anticoagulants. His recovery was uneventful, and the patient was discharged on oral anticoagulants. Subsequent work-up of this patient did not reveal any procoagulant condition.
DISCUSSION
HAPE is a life-threatening condition characterized by nonuniform vasoconstriction of pulmonary blood vessels in response to hypoxia. This condition occurs commonly with 2-4 days of entry in high altitude, though delayed form of HAPE developing after 6 days of induction in high altitude has also been described. [6] Studies have described postmortem appearance of lungs in patients with HAPE. [7, 8] Pulmonary vessels are found to be engorged and thrombi are often found in small pulmonary arteries and septal capillaries. [9] Evidence suggests enhanced fibrin formation in HAPE. [10] Further investigation on the role of coagulation abnormities in pathophysiology of HAPE proved that the disruption of endothelial membrane results in activation of coagulation cascade. [4] However, the association of HAPE with coagulation and fibrinolytic abnormalities are corroborated. [11] The findings of pulmonary small artery thrombosis in case of our patients are likely to be a result of a similar phenomenon. Previous history of HAPE (case 1) is suggestive of HAPE susceptibility and re-entry in high altitude could have probably resulted in manifestation of the process of thrombosis in pulmonary blood vessels associated with HAPE that is commonly reported in postmortem studies. Similar findings of HAPE with pulmonary embolism have been reported. [12] The reported case [12] also mentions of headache present along with other findings of HAPE (though Lake Louise score was not reported) suggestive of AMS with HAPE like in our cases. The reported case mentions [12] persistently elevated pulmonary artery pressure and persistent infiltrates on chest radiograph despite improvement in oxygenation. This is similar to our cases where localized opacity in right lower zone persisted despite the improvement in other parameters. Our both cases presented as HAPE with AMS with persistent radiographic opacities despite clinical improvement, but none had symptom of chest pain. Pulmonary embolism has been described commonly in lowlanders at high altitude. It has been reported that troops staying at high altitude are 30 times at greater risk to develop thrombosis. [13] Though studies [13, 14] have reported thrombosis after prolonged stay at high altitude, cases in our study were recent entrants to high altitude that presented with HAPE. The finding of pulmonary embolism in cases of HAPE alters the management strategy and necessitates prompt evacuation of the patients to centers at near-sea level even when facilities for oxygen and intense monitoring are available at the center. Further studies on thrombosis in cases of HAPE are required to prevent 
